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One of the most significant complications after the 
Senning procedure for physiological repair of transposi- 
tion of the great arteries is dysfunction of the systemic 
(morphologically right) ventricle and/or atrioventricu- 
lar valve.1,2 The underlying cause of right ventricular 
failure is not known for certain, but the mechanical 
configuration of the right heart is thought to be critical, 
being less well designed for sustaining a pressure load 
than the left ventricle. As right ventricular function 
begins to deteriorate, chamber dilatation ensues, which 
in turn causes more pronounced bowing of the septum 
into the left ventricle and relative displacement of the 
tricuspid valve tensor apparatus. In addition, annular 
dilatation may ensue. Both of these factors tend to 
increase the severity of tricuspid regurgitation, which 
adds to the right ventricular volume load and effectively 
perpetuates the downward spiral of right heart dysfunc- 
tion. Treatment options are limited once this process 
has progressed to the point of clinical significance. 
Conversion of the physiological repair (Senning) to 
anatomic correction (arterial switch) and cardiac trans- 
plantation are the only established options for definitive 
the rap^.^.^ Other approaches, such as tricuspid valve 
replacement, have met with little success. In this report, 
we present a detailed description of our approach to 
converting a Senning repair to an arterial switch. 
Except in patients with dynamic left ventricular outflow 
tract obstruction of sufficient degree to stimulate marked 
left ventricular hypertrophy, conversion of Senning 
repair to an arterial switch is a multistage process. The 
first step is pulmonary artery banding, which is used as 
a means of pressure-loading the left ventricle and 
promoting acquisition of muscle mass. Typically, the 
initial pulmonary artery banding is followed by at least 
one revision (tightening) of the band to facilitate opti- 
mal left ventricular adaptation. The conversion ulti- 
mately culminates in taking down the Senning baffle, 
reseptating the atria, and anatomically correcting the 
transposed great arteries with an arterial switch proce- 
dure. 
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1 In the failing right heart after the Senning operation, the systemic right ventricle 
is dilated, with significant bowing of the interventricular septum into the left 
ventricle, increased tension on the tricuspid valve subvalvar apparatus, and 
dilatation of the tricuspid valve annulus. Moderate to severe tricuspid regurgitation is 
typically present. Prior to operative left ventricular retraining and conversion to an 
arterial switch it is critical to document left and right ventricular mass, volume, and 
function, as well as atrioventricular and semilunar valvar function with multimodal 
cardiac ultrasound and cardiac catheterization. This allows for optimal assessment of 
ventricular remodeling after pulmonary artery banding, which is critical for 
determining the timing of the staged conversion. 
270 McELHINNEY, REDDY, AND HANLEY 
2 At the first stage, a pulmonary artery band is placed in order to increase left 
ventricular afterload and promote a hypertrophic response. This is performed 
through a midline sternotomy, with complete exposure of the proximal great 
arteries. The location of banding the pulmonary trunk is selected. Because the 
pulmonary valve will become the systemic semilunar valve after the arterial switch, 
it is imperative that the pulmonary artery band does not distort the valve or its 
commissural support structure. A 20-gauge angiocath is inserted in the pulmonary 
trunk through a pursestring suture placed proximal to the banding site. This is 
connected to a pressure transducing line and used to measure mean and phasic 
pressures in the pulmonary trunk. A strip of silicone elastomer is placed around 
the pulmonary trunk and tightened. During the entire banding procedure, 
continuous transesophageal echocardiographic monitoring is performed. The band 
is tightened gradually until the tricuspid regurgitation and bowing of the 
interventricular septum are significantly reduced. This usually occurs at 70% to 
90% of systemic ventricular pressure. The band is then fixed to the pulmonary 
arterial wall with several interrupted polypropylene sutures. The pressure 
gradient across the band site is recorded directly either by advancing the proximal 
angiocath or placing a second pressure transducing angiocath distal to the band. A 
dopamine infusion of 5 pg/kg per minute is started and the patient is observed to 
ensure hernodynamic stability before closing the sternum. Prior to closing the 
sternum, the pressure gradient across the band is again measured directly and with 
transesophageal Doppler echocardiography. 
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3 After pulmonary artery banding, the increased pressure load on the 
left ventricle often leads to acute alteration of ventricular and atrioven- 
tricular valvar geometry. Left ventricular pressure increases, which 
leads to relative flattening of the septum (although the septum is still 
convex to the left acutely after banding, the severity of septa1 bowing is 
decreased). This may facilitate improved tricuspid valvar leaflet mobility 
and almost always reduces tricuspid regurgitation. Dramatic acute 
reduction of tricuspid regurgitation is not unusual.6 
Postoperatively, the patient is followed with echocardiography to 
assess left and right ventricular function, left ventricular mass acquisi- 
tion, gradient across the pulmonary artery band, and atrioventricular 
and semilunar valvar function. If the acquisition of left ventricular mass 
does not progress after several months and the Doppler-derived gradient 
across the pulmonary artery band predicts a left ventricular pressure of 
less than 70% of estimated right ventricular pressure, it is necessary to 
reoperate and tighten the pulmonary artery band. The optimal magni- 
tude and rate of left ventricular mass acquisition, duration of banding, 
and pulmonary artery band gradient remain uncertain, and are likely to 
vary from patient to patient. In contrast to the rapid two-stage arterial 
switch for infants with transposition of the great arteries and intact 
ventricular ~ e p t u m , ~  the process of left ventricular mass acquisition 
tends to be more gradual in older children and adults. Hence, the 
pulmonary arterial band is left in place for at least 1 year and the patient 
is monitored with close follow-up. 
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4 Once the left ventricle has acquired adequate mass, the patient undergoes a take-down of the 
Senning procedure and anatomic repair with an arterial switch. The arterial switch is performed 
first, primarily because it is necessary to ensure that this is accomplished successfully before 
undoing the Senning procedure. The heart, great arteries, branch pulmonary arteries, and inferior 
and superior venae cavae are exposed and dissected thoroughly and carefully through a median 
sternotomy. The branch pulmonary arteries and aorta are mobilized extensively. After placement of 
pursestring sutures high in the aorta and in both cavae, cardiopulmonary bypass is initiated using 
aortic and bicaval cannulation. The systemic ventricle is vented through the morphological right 
atrial appendage. The patient is cooled to 25OC, after which the aorta is cross-clamped and cold 
crytalloid cardioplegia is administered into the aortic root. 
The aorta and pulmonary trunk are transected and the semilunar valves are inspected. The 
pulmonary band is removed, the narrowed tissue at the band site is excised, and the proximal and 
distal edges are trimmed carefully. 
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5 The coronary ostia are identified and mobilized on buttons of sinus wall. 
Counter-incisions are made high in the facing sinuses of the proximal pulmonary 
trunk (neoaorta) and the coronary arteries are reimplanted with continuous 5-0 or 
6-0 absorbable monofilament suture. If abnormal coronary artery branching 
variations are present, coronary reimplantation may be modified as necessary (see 
article by Richard A. Jonas, MD, in this issue). 
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6 After both coronary buttons are reimplanted into the neoaortic root, the Lecompte manuver is 
performed by bringing the pulmonary artery anterior to the ascending aorta. It is important to ensure that 
the branch pulmonary arteries have been mobilized to the respective hila so that undue tension is not placed 
on the pulmonary artery, which may increase the risk of developing supravalvar pulmonary stenosis. The 
distal ascending aorta is then anastomosed end to end to the neoaortic root, with continuous 4-0 or 5-0 
absorbable monofilament suture. The defects in the neopulmonary artery from removal of the coronary 
buttons are then patched preferentially with pericardium, or with allograft or synthetic patch material if 
adequate pericardium is not present. Alternatively, if anastomosis of the coronary buttons has taken longer 
than usual, the defects in the neopulmonary arterial sinuses can be repaired after removal of the cross-clamp 
at the time of pulmonary arterial reconstruction (see 14). 
CONVERSION OF A SENNING PROCEDIJKE 275 
7 The first step in taking down the Senning is to open the previous suture line in the 
pulmonary venous atrium (A-A’). This may be done primarily, or after inspecting the 
Senning through an atriotomy in the appendage of the morphologically right atrium (also 
part  of the functional pulmonary venous atrium). During construction of the Senning 
procedure, the pulmonary venous atrium is generally closed longitudinally at  the base of 
the right pulmonary veins, bringing together right atrial free wall (A) with posterior left 
atrial wall between the entrance of the right pulmonary veins and the interatrial septum 
(A’). The closure typically runs from the superior to inferior cavoatrial junctions, 
extending anteriorly across the superior and inferior cavoatrial junctions to the medial 
aspects of the respective cavae. I t  is necessary to open this incision completely, although 
care should be taken along the most superior portion because the suture line tends to run 
very close to the sinoatrial node region. It should be apparent if in situ pericardium was 
incorporated into the closure of the pulmonary venous atrium as a means of augmenting this 
pathway, in which case the entire suture line between the in situ pericardium and atrial wall 
must be taken down. On opening the pulmonary venous atrium, the Senning baffle is 
exposed. The composition of baffle is native right atrial free wall, anteriorly, and either 
interatrial septum or other material, posteriorly. The anterior suture line of the Senning 
baffle (B-B’) brings together right atrial free wall (B) with the anterior rim of the interatrial 
septum (B’) and the posterior suture line (C-C’ )  brings together either interatrial septum or 
other patch material ( C )  with the posterior left atrial wall between the orifices of the left 
pulmonary veins and the mitral annulus (C’) .  
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8 The anterior suture line of the baffle (B-B') is incised at the midpoint, then 
opened inferiorly and superiorly with scissors. The sinoatrial node is located at the 
superior aspect of the suture line, within the flap of atrial free wall used to construct 
the baffle. In order to optimize the likelihood of preserving the nodal tissue, care 
should be taken to minimize trauma to this region. The posterior suture line of the 
baffle (C-C') is taken down in the same manner. The incision is opened superiorly 
and inferiorly to the lateral aspect of the superior and inferior vena caval orifices, 
respectively. In the figure, the baffle is inverted to display the systemic venous 
atrium and mitral valve. 
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9 The baffle has now been taken down and the atria must be reconstructed 
and septated in their native fashion. There are several means of accomplishing 
this. The simplest and most spacious option, and the preferred option if the 
baffle flap is small, is to sew the posterior edge of the Senning baffle (C; native 
interatrial septum or other patch material) to the lateral wall of the atrium 
anterior to entrance of the right pulmonary veins (A’), with continuous 5-0 
polypropylene suture. If necessary, the flap is trimmed to eliminate redun- 
dancy. 
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10 If this option is selected, a pericardial or synthetic patch is then fashioned 
to recreate the interatrial septum. The patch is sewn to the original attachment of 
the atrial septum. Anteriorly, superiorly, and inferiorly, this is indicated by B’, 
which was formerly incorporated into the anterior suture line of the Senning 
baffle. Posteriorly, this is at the level of the interatrial groove, which runs 
superoinferiorly along the flap of atrial wall that was formerly the baffle flap. The 
patch is closed with continuous 4-0 or 5-0 polypropylene suture. Before tightening 
the final sutures, the left atrium is de-aired by giving sustained hyperinflation of 
the lungs. After atrial reseptation, a left ventricular vent is placed across the mitral 
valve under direct vision, either through the posterior suture line or a separate 
pursestring suture. The cross-clamp is then removed from the aorta and the 
remaining reconstruction of the systemic venous atrium and pulmonary outflow 
tract are performed without cardioplegic arrest. 
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1 1 Another option can be used for atrial septation after taking down the Senning 
baffle if the posterior aspect of the baffle flap (posterior wall of the systemic venous 
atrium in the Senning configuration) is of sufficient size. The posterior edge of the 
baffle flap (C; native interatrial septum or other patch material) is sewn to the 
anterior, superior, and inferior edges of the native septa1 margin (B’) with continuous 
4-0 or 5-0 polypropylene suture to recreate the interatrial septum. (D = native 
interatrial groove.) 
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12 The left atrium is then closed by bringing the free edge of posterior left atrial 
wall (A’) anteriorly to the level of the native interatrial groove (D), and anastornosing 
them together with continuous 4-0 or 5-0 polypropylene suture. Before tightening the 
final sutures, the left atrium is de-aired by giving sustained hyperinflation of the 
lungs. Left ventricular venting and cross-clamp removal are performed as described 
in 10. 
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13 Regardless of which technique of atrial septation is used, final closure of the 
atriotomy is essentially the same. The anterior segment of right atrial free wall (A) is 
sewn to the anterior edge of the Senning baffle flap (B’, also right atrial free wall) with 
continuous 5-0 polypropylene suture, thus restoring the native anatomy of the right 
atrial free wall. Rewarming is commenced. 
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14 During the rewarming period, the distal pulmonary artery is 
anastomosed to the reconstructed neopulmonary artery root using 
continuous 5-0 or 6-0 absorbable monofilament suture. A cardi- 
otomy suction catheter is placed in the pulmonary artery to prevent 
backflow from obscuring the operative field. 
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Comment 
Conversion of a Senning interatrial rerouting proce- 
dure to an arterial switch configuration was first 
reported by Mee in 1986.3 Experience with this multi- 
stage approach to the patient suffering from right heart 
failure after the Senning procedure is limited, with only 
a few subsequent reports in the l i t e r a t ~ r e . ~ . ~  Early 
outcomes are fairly encouraging, though it is not known 
whether this will be an effective long-term solution in 
these patients. As the population of patients who have 
undergone a Senning procedure for physiological repair 
of transposition of the great vessels continues to age, an 
increased number of patients with progressive right 
ventricular and tricuspid valvar dysfunction are likely 
to be evaluated as potential candidates for this conver- 
sion operation. Thus, it will be important to develop an 
improved understanding of factors associated with 
successful conversion, so that rational patient selection 
can be achieved. The other definitive option for manag- 
ing this problem is heart tran~plantation,~ which has an 
established track record against which conversion to an 
arterial switch will have to be compared rigorously. In 
patients suffering from severe tricuspid regurgitation, 
we have witnessed dramatic improvement in tricuspid 
valvar competence after pulmonary arterial banding in 
preparation for later arterial switch.6 Such patients 
may stabilize once the pulmonary artery has been 
banded because the resulting increase in left ventricular 
pressure alters the mechanics of ventricular interaction 
and seems to improve not only tricuspid valvar compe- 
tence, but right ventricular function as well. Thus, 
long-term pulmonary arterial banding without subse- 
quent arterial switch may be an effective palliative 
measure in certain patients. This hypothesis and the 
empirical observation on which it is based, however, 
must be evaluated more extensively before this option 
can be recommended. 
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